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Back2round 
Phosphines have been regarded as effective ligands to stabilize the Pd(O）ラ thereforeラ
phosphine-assisted Pd(O) complexes have been widely employed. Howeverラ phosphinesare toxic, 
expensive and they are almost unrecoverable because of their air-sensitivity. On the other handラincase 
of phosphine－仕eesystems i) if the complexes are s廿onglyligatedラthecatalytic cycles are blocked to 
give the low catalytic activity and i) if they are weakly ligatedラtheyare intrinsically unstable and 
decomposed into inactive "palladium black.竹 So,we need to think of a new catalytic system of Pd(O) 
which will be i) thermodynamically stable but does not deactivate the catalytic cycle kinetically and i) 
also recoverable and reusable. 
Results 
Keeping al these points in mindラ Ihave prepared the phosphine sulfide Pd(O) complexラbecauseラ
they stabilize Pd(O) oxidation state electronically. Multidentate tris[2-( diphenylphosphino )ethyl]-
phosphine tetrasulfide (pp3S4) have been chosen because this ligand gives the extra entropic stability 
to the Pd(O) complex. 
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[Pd(pp3S4)( dba)] 
pp3S4 
Similar Pd(O) complexes with bis[2-( diphenylphosphino )ethyl]phenylphosphine trisulfide (p3S3) an d 
lユ
We have investigated catalytic activity of [Pd(pp3S4)(dba)] (1) and [Pd(PPh3)4] (2) in Suzuki 
coupling reaction using iodobenzene and phenylboronic acid in the presence of K2C03 in DMF. 
After keeping the completely reacted solution for additional several hours without residual unreacted 
substratesラ 1maintained the catalytic activity for another addition of the substrates while 2 was 
gradually decomposed into inactive palladium black in the air under the same reaction condition. 
This fact indicates that the Pd(O) in complex 1 isstabilized by the phosphine sulfides while 2 itself is 
air-sensitive unless forming the Pd(II) substrate adduct. Furthermoreラ itis confirmed that oxidation 
of phosphine is catalyzed by Pd(O). 
Sulfur atoms in free pp3S4 are hardly replaced by oxygen atoms at room temperatureラbutthose in 
complex 1 were partially oxidized by standing for a long time (Figure 1 a).This makes a serious 
problem in using these complexes as catalysts. Howeverラwefound that partially oxidized ligand can 
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be readily regenerated by the reaction with excess of sulfur in DMF at 125 C for 2 h (Figure 1 b ).Thusラ
the regenerated Pd(O) catalysts can be reused. This type of chalcogen substitution does not proceed at 
al without Pd(O) under the same condition. Similarlyラ a I バ＝S
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regeneration of p2S2 and p3S3 have been also found in the 1 ／ γ 
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To clarify this chalcogen substitution mechanismラwe
investigated the reaction of triphenylphosphine selenide 
(Ph3P=Se) with excess sulfur to give triphenylphosphine 
sulfide (Ph3P=S) in DMF. The 31P NMR spectrum of the 
reaction solution of Ph3P=Se and S in the presence of 
Pd(O) showed the signal of the free phosphine as an 
intermediate. rr-back donation from Pd(O) to r＊ーorbitalon 
doubly bonded chalcogen atom can activate the P二X
bond. The rr-back donation from Pd(O) to the P(III) 
atom increases electron density on phosphorusラwhich
may promote the oxidative chalcogenide formation 
giving P(V), i.e.ラ Pd(O)facilitates the catalytic P=X 
bond cleavage and P=X bond formation. 
Figure I. 31P NMR spectra for DMF 
solution of 1 allowed to stand at room 
temperature for 13 days (a) and the 
solution after subsequent reaction with 
excess sulfur at 125°C for 2 h (b). 
It was also observed that the rate constant of catalytic chalcogen substitution reactions (Ph3P=Se 
+ s→ Ph3P二 Se+ S) is independent of the sulfur concentrationラ whichsupport the dissociative 
mechanism. Activation enthalpy (iJHt) and entropy (L1St) for both catalytic and non-catalytic 
reactions have been estimated from the Eyring plot to be &Jt = 34 kJ mor1 and L1St二－212J mor1 K-1 
for the former and mt = 58 kJ mor1 and LlS：ニー 177J mor1 K1 for the latter (Figure 2). From企Ht
valueラitis clear that the catalytic reaction is thermally favored than the non-catalytic one. 
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Figure 2. Eyring plot for catalytic (a) and non-catalytic (b) 
In conclusionラ wehave prepared regenerative and recyclable Pd(O)-catalysts with phosphine 
sulfides. The mechanism of chalcogen substitution reactions has been clarified and found to be 
dissociative in nature. 
